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Dynamic and Thermal Effects 


Hence, combining Eq. (11.4f) with Eq. (11.4e) and solving for 6 t yields 


- ^st + (ft + 2 S 3i a) 


1/2 


(H-4g) 


Since the maximum beam stresses are proportional to deflections, dividing both 
sides of Eq. (11.4g) by gives the required formula 


^dyn ^st 


1+1 + 2 - 


1/2 


(11.5) 


It is of interest to note that for a = 0, Eq. (11.5) gives the familiar design rule which 
states that for the case of sudden loading, the ratio of dynamic to static stress is 2. 

When the impact is horizontal instead of a free fall under gravity, such as that 
shown in Fig. 11.2, the stress formula (for g — 386.4 in./sec 2 ) becomes 

* _ q 0.051V 

+iyn - °st^ji /2 V 11 - 0 ! 

where V denotes the velocity of the moving body in inches per second. The objective 
of Eqs. (11.5) and (11.6) is to estimate the dynamic stress when the static stress 
can be calculated from the conventional equations. 

It should be stated in all fairness that the stresses due to impact can not be 
determined accurately. The materials involved are never perfectly elastic. Further¬ 
more, when a body strikes another object simultaneous contact is not realized at 
all points, and the distribution of stresses and strains under impact loading is not 
the same as that under static loading, particularly at higher velocities of impact. 
Last but not least, some kinetic energy of the moving body is dissipated during 
impact. This loss can be approximated with the aid of Table 11.2 for a number of 
elementary design cases [35]. The procedure here is to multiply the theoretically 
calculated energy by the dissipation factor C e from Table 11.2. 


Design Problem 11.2 

A steel cantilever of length L = 10 ft and the moment of inertia I = 600 in. 4 is designed 
to the static factor of safety of 8 while carrying a weight of W = 500 lb. If the same 
weight were now to be dropped on the free end of the beam, estimate the height of the 
maximum allowable drop a to maintain a minimum factor of safety of 1.8. 

Solution 

The standard deflection formula for this case is 

. WL Z 
Sst ~ 3EI 

which gives 


^st — 


500 X 120 3 
3 x 30 x 10 6 x 600 


= 0.016 in. 



